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% ... .r 'A'gpeneralju. r l o fk~ agrmbof ai prese-loek ato is A dhown t n F .a 1.eTh

.A'. .. . generaltohe oedto anafy1e thi zeros of a

0* . .• h ,shown ir.i..In ti opaper, atl o the zeros (equencies amplfier

* ', ne whi th op the remain ci stabe wle o5. a

*.. s g-lc ratoo k a dagramv of a pehaen-lck pase detehorwnd in eing 1.the

l t ..

Fg .neall .rnp.oyed.tonanaltzed thiso phae-lo looper i
Foo sin..2.Int this phape all of the eo1rcequencis of thev miae-

©" ~ IF amplf.c ar inluec ino th badps fit"

"I'ict~as et~cpwhf ic.I-iehb) loopacr flock) dby
a*: i1 cotol le oclandifo t hl COi epav will rnegrain r * stable oK

0 ,

hsE-lo4cs -op 1 an 5 isowth freque.ncy aroen de itermiedt usvainguth

.0 0 • • , 0 • 4 * *
1. 5. r•.o o •*. o 5o 0•,

""o ' i* t • lo on.I ° i g ,+ It

*I 0 •o0•o * 0' ' ; + **A* 0 • 4 *

S 0 0

o . .• S

"" •,. 1 "- 0 b
V. C 00 .-. • ° R d * 1 5
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." o.- >/" :• ""A cotiveniento approach to the determinatibn of %!1 of the zeros of a
.- ,." .. p -s +o t "0 '°
* ..phaselockloop, is to open Lhc loop at the input to thle ope ratigna! amplifier

" " .' .,h "'tt manually sweep the •,o1.ae- controlled oscillator (VCO), while examnining•
"" * j tt~e.0utp~u•'*of the phase detector. This can be easily accomplished in the ,

0 0. b lboaor"5 ptatirig a capacitor between the phase detector and the opel'+-

.+ • . "tional hnm.lific r. This practice kee'ps the loop~ciostdd fir ac but open for dc.

",. ..;.""• Figure 3 illuistratts l~he method e.rnlloyed.

*..... ". For'sinjpiicity, the phase and amplitude characteristics of the mi~xer

"•:: ,.. °" " .'.'.cI IF am:h)lifict are incluc~ec• in the bandpa,•s filt•P, Fl~."

'" . •* " +1 ieha sc dete.ctor ot Fig. I-is rej~laced b.N a subtractor, followed by. -

:. L " a vaitn ofK and the VCO is repidCtcc by a:¶ integrator cK gain Kl

* I':igurCs .t and 5 show the fr'equency, componenv• of interest at various

"* . points *in't h't loop+ of Fig. 3.' In construction of Fig. 4 and 5, it has been

"* 5 lHl'hs is yprobag) lv Ilhw sa~flC phe.nonw€nnn described by R. L~eek, ,'Phasec-Lock

* ."C. t,,P•}• l<' t roni c and Radio) Eng in~c r (r Cat'*Br itain) (April 1 957).
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assumed that only first-order sidebands are of importance, i. c. that the

VCO modulation index is small. This is usually a good approximation for

valueseof the beat frequency larger than the loop bandwidth.
S-.0

For the situation depicted in Fig. 4, it is evident that

+' "1+&.z q 2 °
0 0

* The lower sideband phase (¢LSB' is given by • "

0

0 . 0

OLSB Y + T"• ": " (2)

0 0

, = +3+ 61 . :T . .

* 'r'1 0

iflusS S 0

* S *0

T " " P '

\ý e r c 13 isacmoieapiuefonto eutn fo h w-p s

.1 1 L

""* LSB = 2 - ¢3 ± 6 " .- 62 .,r• ).

o o. t * i s

* ,.

a•ur~ tha th ph s •l-Lco-i(,ir(trzý by

A s .. " • 1
. . . .S

S S
* Vo_ =P cos LSB = CO co (2 " ¢3+,r + -1 )9 = .cos'(7r - I1' .4

Chere (r is a composite amlitude function resulting from the two-nphase

u"t"s - " and6 - 5. aswell as from he changing sideband amplitudettn tto s 2 - 3 a • u
resulting,•rorn the V¢O input varyi~Ig • amplittkde and. frequencg.._It has.been .

as sumed that the phase detcctor, i&>haracterized by. 5 -- •.

* . e. 0

* V*=A~cos Ao .'•

C~dc **

0 5\Wh ru ..\ is the, s ignm i in:xit amplitude and AO is the phase difference between

the.signai. ,r ;nd r'efv rcnce. H+igher 0 order sidebands are of'little concern since
o 0 0
o 0

* 0
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they neither correlate to piloduce a dccontribution nor appreciably affect

", ,the carri'er phase wheA the VCO modulation index is small.* 
4k 0 It .

00

theyA neithear createlsi tor thde ape: sdeonrbad(Ution norappecdeiably afec

• ~Fig. 5 yields* +

W a

" € SB: T Z + '3*- '25a

• " Thus 1 ••

•~ ~ V = Cos 0U B " • s (03- 02 "'t .) cos 0-, (6)
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A smiaranlyss'orth upp:.siebnd(@ SB aedeitdi

e* •
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Sii Fig. 6 an V 3 • (5)

Fig 6(c) itionse(4)hatd(ero,present th l principal esultsor ic this " .op

4ý paper
' lhtsly'aif the p-ir o shitftytca w(-,( aot boundesdo as phaseld c be o th ase shorna

0I tranoan lag. ther resulting of zeros s owng

+'. Fig. .) it ,s seen 3.a Again, these zeo woul brqe es aoltiernathel stoop

• a~~ltcdL1.'nabtcl tbl n rutbe beginning with anounsta~ble zero at Tr/2

0 9 3 3•

0 E tquations (4) and (,6) also giv,, insighlt into the effect of loop bandwidth

' o~n tht, p~robttlvn. Cou-nwrlyo~, hoolJ bandh'vidth is changed by changing G(s).

A';10 G(S) finction iS 1tSIly Of thui h.;d-las type. Thus, as the bandkidth-is

1i,[,: .,,;s,.d. wh,, G(s) t ran.niission, is increased (assuming constant damping),

.loh+ý Gt. Tru::al, Au~toiatic Fe~udback Control System Synthesis ',McGraw-11ill B OL>! CotSl);,tI\. tic.. New York . 1955), Section 9.08, p . 546-553.

"l"h idez"hli.,-cdt ran-;tsij)rttA~tion. •la•. p~robk'-'rn has beenosolived by Jean A. ...Develet •

S .... oItIII']!,i t,'l.l,: t. of "l'lnt. D.+tI;tv Oil S1%.•,)d-Ordcr-Phasc Lock Loop Acquisition
Rane. t'.prtN,_ ' 5•2, ,-9.Space, Technology Laboratories, Inc. ,Los

.. ngt'l,'s (I S .'.)t c tll,.r 1").2).o
o 3
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with a resulting increase in f, at any given frequency. The net result is a

slight shift in the zeros and an increase in the magnitude of the false peaks.

Hence, the wider the loop, bandwidth, the greater the stress necessaiy to

ride over the false peaks. This leads one to the conclusion that perhaps a

more optimum G(s) function [ e. g. , another pole in the G(s) function] might

be employed to reduce the effect.

0

0 00

.0 1I., CONCLUSIONS

SA solution for all the zeros of a phase- lock loop h'?s been presented.
p9

* The s ohttion pcr'mils the prediction of the, location of these zc.ros if knowledge

"T)( the' opell-loop char.,cttiristics is oITt;imab ,, . l11h su0il iOlnS are generally

* applicable to any phase-lok loop of the type shown inFig. 1. 0

The solutions obtained suggest a simple design criterion to avoid the

false- lock problem. It is necessary merely to keep the ýalue of a less than

,. +r/2 within the allowable' range of VCO frequencies. If this is not feasible,

it is lltckessalrv to 'ormptt e the 13 and a functions to prop'?C ly set the matnitude

of the stress nccCssary to override the false peaks.
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NOMENCLATURE

f I Input frequency to phase-lock loop

f Local oscillator frequency
2

0 0

f Beat frequency appearing at phase detector output
3

f4  VCO carrier frequency

SaI for f - 4 > f2

a a for f I f4 < f 2

Sideband amlplitude function

Phase of f.1 at t - o

Ph.*e shift at the VCO lower sideband frequency through

mixer, IF, filler and phase detector
0

6 2 Phase shift at the VCO carrier frequency through the mixer,

IF. filter and phase detector ,
0

• 63 Phase shift -at the VCO upper sideband frequency through the
3 *0 . .

mixer. IF. filter and phase detector

'. 0i 9 "Phase of1f1  at t = S

"Phase of f, at input of G(s) at t co

""3Phase of f, at output of G(s) at t o .
* C)---

• @ -~

a Lower si(Lebilnd phase shift (f f 0> f0 LSB -1 1 4

' " USB : a2 Upper sideband phasc shift (f- f4 < f2 )

* 0 
1

9 0

0

0 0



FILTER DETECTOR
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F;,,. 1. Block Diagramn, Phase-Lock Loop
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BEAT LO VCO INPUT
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